This paper reports on a grant-funded summer bridge program developed for first-year engineering students who were not academically prepared to start Calculus 1 in the fall of their freshman year. The primary objective of the program was to increase retention and success of first-year engineering students by 1) allowing students to enter their freshman year on-track academically and gain exposure to college-level coursework, 2) providing the information and support necessary to ensure a smooth transition into college, 3) enhancing student interest in and commitment to the engineering field, and 4) helping students build community on campus. The summer bridge program was first offered during the summer of 2014, and had 11 participants. Students took two college-level courses, including Pre-Calculus II, participated in co-curricular workshops, and lived in campus residence halls. Three types of assessment were administered during the program; one survey at the outset of the program to assess student expectations and academic backgrounds, a second survey at the conclusion of the program to gather quantitative data on student satisfaction, and a focus group on the final day of the program to gather qualitative information on student satisfaction. Data from the three assessments indicated that students felt that their expectations had been largely met, and that after completing the program they had improved in their math and writing skills, learned about the field of engineering, and had been successfully oriented to college. Although it is too early to determine the long-term academic trajectory of the 11 participants, based on assessment data already collected, it appears as though the summer program was successful in many of its stated goals.
Introduction
The summer bridge program was developed in conjunction with a multi-year, grant-funded retention program at the Shiley School of Engineering at the University of Portland, a private, Catholic institution. The most recent 10-year average 1 st -3 rd semester retention rate for engineering and computer science students at University of Portland is 78.5%, and the average 3 rd -5 th semester retention rate is 86%. The average four-year graduation rate is 47%, and the average five-year graduation rate is 60% (based on data from [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . Most students who do not complete their degrees in the Shiley School of Engineering stay at the university, but pursue a different major.
The University of Portland's engineering and computer science degrees are designed as fouryear, cohort-based degrees; as a result, students who are behind in their degree progress (either because they were not calculus-ready when they entered the university, or because they fell behind in credits after beginning their degrees) face many challenges that can impact their academic success and likelihood of persistence in their degree. Indeed, data from the University of Portland's Shiley School of Engineering reveals that sophomores who are on track in their degrees have a 17% higher 3 rd -5 th semester retention rate than students who were behind in credits at the start of their sophomore year.
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National data supports this assertion -studies indicate that engineering students are most at-risk during their first two years of college 1 . Therefore, it is particularly important to support students during this critical period in their education, and help them build the skills necessary to ensure their continued success in engineering.
To help combat this problem, the University of Portland introduced a retention program specifically to assist 1 st and 2 nd year students who are behind in their degrees, and who are considered at risk of leaving engineering. During the year-long program, students work with a counselor to explore tactics for academic success, and to discuss educational planning (particularly with regards to getting on track to graduate in four years). For many of these students, the perceived inability to graduate in four years, and the financial, emotional, and social complications that go along with being behind in their degree, are barriers to their academic success and desire to persist in engineering. By helping them understand the steps needed to get on-track in their academics, as well as counseling them through the difficulties of feeling "behind" their peers, the retention program hopes to help prevent the attrition of engineering students who have the potential to be successful in the field, but who are deterred because of obstacles in their degree progress.
The summer bridge program, which is one component of the retention program, plays an important role in overall student success by facilitating a smooth high school-to-college transition for first-year students, and offering key courses that will help them start their degree one course ahead rather than one course behind. While the year-long retention program and the summer bridge program certainly work in conjunction with one another to improve student retention, the remainder of this paper will focus solely on the summer bridge program.
Institutional Context
The University of Portland is a private, four-year, Catholic institution serving approximately 3700 undergraduate students; of those 3700, approximately 700 are engineering students.
The School of Engineering at University of Portland offers three engineering degrees (civil engineering, electrical engineering, mechanical engineering) and one computer science degree. The school is teaching-focused, meaning class and lab sizes are relatively small, and faculty members have both teaching and advising responsibilities. In addition to faculty, there are numerous other engineering staff members available to support students, both within the classroom and outside of the classroom. Students also have access to campus-wide offices intended to assist with student development and support.
Background
The retention program started in the 2013-2014 academic year, as the result of a federal grant focused on retention for 1 st and 2 nd year students. The program is available for freshman and sophomore engineering students who are considered at-risk, and is aimed at improving student success and persistence (in the context of this retention program, "at-risk" is defined as students who are behind in their degree progress. This includes first-time freshman who are not calculus ready, and sophomore students who do not have enough credits to be considered on track Page 26.300.3 towards graduating in four years). As mentioned above, the program has two distinct components: a year-long retention program, and a summer bridge program for incoming firstyear students who are not prepared for Calculus I. Both programs are optional to those who qualify.
In the year-long retention program, students have one-on-one meetings with an academic counselor to discuss academic concerns, personal and professional goals, campus resources, opportunities for engagement, and degree progress. In addition to one-on-one advising, students also participate in academic workshops, including workshops on time management, test taking strategies, effective writing, and reading comprehension.
The summer bridge program at University of Portland was designed as a six-week program for incoming engineering students who were not calculus ready (as determined by a math placement test that all engineering students take prior to entering the university). Substantial research was done in designing the summer bridge, taking into account both pedagogical theory and best practices from other institutions and departments that had implemented similar bridge programs.
Theoretical Basis & Related Work
A considerable amount of research has been published on retention in engineering; as a whole, the body of research that exists on retention in engineering forms the foundation from which the entire retention program, including the summer bridge program, has been developed.
The literature points to a wide variety of reasons that students leave engineering, ranging from student-specific issues to degree-related issues to institutional challenges. Mayer and Marx 7 found two major themes behind student attrition in engineering: individual factors (lack of integration into culture, low academic performance, and loss of motivation) and institutional factors (lack of high school preparation, dissatisfaction with teaching/advising, unwelcoming culture, program difficulty, and financial pressures). Hutchison, Follman, Sumpter, and Bodner 6 found that student retention was greatly impacted by students' self-efficacy, which in turn was impacted by factors such as motivation, understanding of material, and social influences (including peers and faculty). Finally, Bernold, Spurlin, and Anson 3 found that persistence in engineering is related to both student learning styles and study habits, as well as teaching methodologies.
Adding to the existing body of literature, ASEE's publication on best practices in engineering retention 1 highlighted the wide range of programs that universities have developed in reaction to the various issues that affect student persistence. Almost half of the universities profiled in the publication had some form of summer bridge programming available for engineering students, indicating that many institutions recognize the importance of summer bridge programs in the effort to increase retention. The development of the University of Portland's summer bridge was influenced by the best practices that have arisen out of other institutions' summer bridge programs. Two programs that were particularly important in the designing of the summer program were Oregon State University's LSAMP Summer Scholar Program 9 and University of Southern California's Discover Engineering course 14 . Page 26.300.4
OSU's program is a 3-week program for underrepresented STEM students. During the program students learn about the STEM field, participate in leadership development, and connect with peers and faculty. USC's program is a 4 week program for engineering students (by participating in the program students can actually earn college credits). During the program students participate in lectures, fieldtrips, and projects, and learn about the field of engineering as a whole.
Though most of the summer bridge programs that were researched are significantly shorter, and don't require students to complete college-level courses, much of the co-curricular programming, such as workshops, team building activities, and field trips, proved to be useful in designing the University of Portland summer bridge program.
In addition to existing best practices, there were two pedagogical and student development theories that influenced the design of the summer bridge: Vygotsky's theory of social constructivism 15 and Tinto's theory of retention 13 .
Vygotsky's theory of social constructivism asserts that learning is collaborative, and relies upon the structure of the community in which the learning takes place. As Vygotsky theorizes:
The level of actual development is the level of development that the learner has already reached, and is the level at which the learner is capable of solving problems independently. The level of potential development (the "zone of proximal development") is the level of development that the learner is capable of reaching under the guidance of teachers or in collaboration with peers.
Similarly, Tinto's theory of retention suggests that both academic and social fulfillment play a role in student success. While academic integration is integral to degree completion, social integration reinforces students' commitment to their institution, which in turn influences their overall commitment to their education.
In light of both Vygotsky and Tinto's work, specific aspects of the summer bridge were meant to facilitate students' social development in addition to their academic development. These aspects included maintaining a small cohort size for a more intimate classroom experience, and offering team-building activities and events that would help students get to know one another outside of a their academic environment.
In addition to the research and theories listed above, a host of other student development theories, including Baxter-Magolda's theory of self-authorship 2 , Perry's theory of intellectual and ethical development 10 , and Seligman's work on flourishing 12 , provided another important theoretical underpinning. These theories influenced the big-picture design of both the retention program and the summer bridge program, particularly in understanding what skills students may need to develop as they transition into college and what factors affect college students' growth and success.
Program Information
As mentioned above, the summer bridge program is a six-week program offered for new freshman engineering students who are not prepared for Calculus I. The primary objectives of the program are:
1. Allow students to enter their freshman year on-track academically and gain exposure to college-level coursework 2. Provide the information and support necessary to ensure a smooth transition for new engineering students 3. Enhance student interest in and commitment to the engineering field 4. Help students build community on campus At University of Portland, all incoming engineering students must take a math placement exam prior to their first semester. The math placement test determines if a student is calculus-ready or if the student needs to take Pre-Calculus II. Because the target population of the summer bridge was a specific one (all those who did not place into Calculus 1 on their math placement exam), it was relatively easy to identify qualifying students after viewing all math placement scores.
In May 2014, after the math placement test deadline had passed, the retention counselor began contacting all eligible students and their families regarding the summer bridge program. Because there was a tight turn-around between the math placement deadline (May) and the deadline to register for the program (June), it was important to advertise the program as efficiently and effectively as possible. It was also important to target both students and parents, since students were busy finishing their senior year in high school, and may not have immediately recognized the benefits of an academic summer program prior to their first official semester of college. Therefore, eligible students received emails regarding the summer bridge, and families of eligible students received informational brochures by mail.
In the Fall of 2014, there were 240 first-year engineering students who accepted admission to the University of Portland. Of those 240, 42 did not place into Calculus 1, making them eligible for the summer bridge program. 9 of the 42 students who did not place into Calculus I participated in the summer bridge program (there were two students who did place into Calculus 1 but decided to participate anyway, bringing the total number of participants to 11). Of the 11 participants, 7 were male and 4 were female.
During the bridge program, students took Pre-Calculus II and Intro to Theology, allowing those who completed both courses to enter their first year not only on track, but one course ahead. While Pre-Calculus II was a necessary course offering, due to the fact that students are expected to be in Calculus I at the start of the engineering program, Introduction to Theology was selected in order to a) provide a balance in course work for students in the program, b) to give students the opportunity to hone their writing skills, and c) to help students complete one of their required university core courses.
Outside of their two courses, students attended presentations by various student support offices on campus, and participated in workshops on topics such as effective writing and "surviving Page 26.300.6
engineering." These co-curricular activities were intended to introduce students to different resources on campus that could be valuable to them, and to call attention to some of the common challenges that students face during their first year. Students also went on site visits to local engineering companies, in order to familiarize them with the local engineering community, and give them an overview of the various career opportunities available within the field.
Throughout their time in the program, participants stayed in a residence hall together and had the support of a peer mentor, a sophomore engineering student who provided assistance with homework and test preparation, and served as a resource for navigating the transition to college.
Because participants in the program were first-year students, and were new to both college and to campus, their time in the program was relatively structured. The counselor arranged various nonacademic activities, such as movie nights and team building exercises. The goal was to organize the program in such a way that students would be able to take full advantage of their six weeks, and would never feel isolated or bored. Appendix A contains a sample weekly schedule from the 2014 summer bridge program.
The entire cost of the summer bridge, excluding meals, was subsidized by the federal grant (funding from a local engineering company also played a role in subsidizing the program for participants). The low cost of the program was a key feature of the summer bridge, not only because it provided access for students with high financial need, for whom the cost of the program may have been a prohibitive factor, but also because it helped provide motivation for students who may not have otherwise considered participating in the program. In addition, because students who start in Pre-Calculus II must, at some point, take a summer course to catch up in their degree, the summer bridge provided an avenue for students to start their degree on track, without the financial burden of having to pay for a summer course later on.
Methods
The initial method of program assessment was through student feedback. There were three types of IRB-approved assessment conducted during the summer bridge program: a pre-assessment survey at the beginning of the program (to gather information on students' college preparedness and expectations of the program) (Appendix B), and a post-assessment survey and focus group after the conclusion of the program (to gather quantitative and qualitative data on the overall satisfaction with the program, and identify areas for improvement) (Appendix C and D). The preassessment was distributed in paper form, and was completed by students on the first day of the program. The post-assessment was also distributed in paper form, while the focus group was conducted by an external evaluator. Both the post-assessment and focus group were done on the final day of the program. All 11 students completed the pre-assessment survey and postassessment survey, and 10 students participated in the focus group.
In addition to student feedback, we will also track participants' grades over the course of their first year, as well as their retention rates and 4-year graduation rates. Doing this type of longterm tracking will help shed light on the benefits of the summer bridge program, and expose areas in which the program's impact could be expanded. Because the first year's participants are currently in the middle of their freshman year, this data is not yet available. Page 26.300.7
Results
Summer grades: Of the 11 bridge participants, all 11 passed their theology course, and 9 of 11 passed their Pre-Calculus II course (the remaining 2 students did not get the C-required to move on to Calculus I, and had to retake Pre-Calculus II in the fall of their freshman year). The average GPA for participants was 2.86 (taking into account only the two courses that students took as part of the bridge).
Fall grades: Of the 9 bridge participants who passed Pre-Calculus II in the summer and took Calculus I in the fall, all 9 (100%) passed Calculus I with a grade of C-or better (3 C-, 1 C, 2 C+, 1 B-, 1 B, 1 B+). As a point of comparison in fall 2014, 15.8% (33 of 209) of students earned a D or F or withdrew from Calculus I. The two students who had to re-take Pre-Calculus II passed in fall 2014 (one earned a B and one earned a C). As of mid-semester of the spring of the first year, all 11 bridge participants are still majoring in engineering or computer science. Ten of the 11 are in academic good standing with a fall semester GPA above 2.0. One bridge participant is on academic probation due to a fall 2014 GPA below 2.0.
In the qualitative portion of the pre-assessment survey, student expectations were varied: 3 students said their expectation was to build fundamental math skills, 3 students said they hoped to learn more about the engineering field, 3 students wanted to get acquainted with University of Portland, 1 student wanted to make friends, and 1 student was excited about the site visits. Regarding mathematical preparation, 10 students had taken calculus in high school, while one student had only gotten as far as pre-calculus. Regarding interest in pursuing engineering, 5 students mentioned family, 4 students mentioned a general interest in STEM, and 2 students mentioned a pre-college program.
In the quantitative portion of the pre-assessment, 9 students reported having a limited to moderate understanding of the engineering field, and 10 students reported having a moderate level of confidence in math and writing. A summary of the quantitative results from the preassessment survey is below in Table 1 . Data from the qualitative portion of the post-assessment survey demonstrated that students widely felt that the program met their expectations, and that the program was a good balance of coursework and co-curricular activities. Students also enjoyed the cohort-like model of the program, and building relationships with other first-year engineering students. In response to the question regarding how students' expectations were satisfied, 4 students mentioned coursework and development in academic skills, 2 students mentioned site visits and other non-academic activities, 3 students mentioned acclimating to college, 2 students mentioned building friendships, and 1 student mentioned learning about the field of engineering. Similarly, in response to what students felt like they accomplished during the program, 6 students mentioned learning about college life, 6 students mentioned academic development, 3 students mentioned learning about engineering, and 2 students mentioned building friendships. Finally, in response to the question regarding suggested improvements, 6 students suggested different field trips and activities, 2 students wanted fewer activities, 1 student mentioned changes to housing arrangement, 1 student mentioned changes to the timing of the program, and 2 students said they had no suggestions.
Comments from the post-assessment survey include: Data from the quantitative portion of the post-assessment survey indicated that most students were leaving the program with a moderate to high level of confidence in math, and felt that taking Pre-Calculus II helped improve their math skills. In addition, ratings for the site visits were consistently high (with the exception of one site visit that most students ranked lower), while ratings for the workshops were more evenly distributed.
A summary of the quantitative data from the post-assessment survey is below in Table 2 . Some of the pre/post survey questions were the same to indicate change in confidence and knowledge due to participation in the summer program. Figure 1 shows the histograms of responses for the five questions. The differences in the weighted averages in the pre/post Page 26.300.10 Before After assessments were calculated to measure change. The results show that the summer bridge, overall, increased students' confidence in math (+0.77) and writing (+0.82) and increased their knowledge about college life (+1.86). There was a slight increase in students' knowledge of the engineering industry (+0.55). There was no substantial change with regard to students' seeing themselves as becoming an engineer (-0.05). Responses from the focus group reinforced that students felt that the program's goals had been achieved, and that those who came into the program with distinct expectations had those expectations met. Responses also reinforced that after completing the program, students felt that they had improved in their math and writing skills, learned about the field of engineering, and felt supported in their transition to college.
According to student feedback gathered at the focus group, the benefits of the summer bridge program were varied: one student highlighted the wide-ranging benefits of the program, saying "My expectations have been met; I met people, adjusted to college life, and learned time management skills." Another student pointed to progress in math as being an important aspect of the program, saying "This experience really strengthened my math skills and confidence." Overall, participant feedback indicated that the primary goals of the program had largely been satisfied.
Students did acknowledge, however, that the amount of co-curricular events, including workshops and presentations, was slightly overwhelming. They suggested that going forward, there should be more free time for studying and relaxation built into the schedule.
Discussion
From the information gathered, the immediate impact of the program seems to be positive and wide-ranging. Students got a chance to acclimate to college-level academics, get caught up in their math coursework before starting their engineering degree, improve in their math and writing skills, familiarize themselves with campus structure and resources, and develop friendships with one another.
Based on participant assessments, the latter benefit proved to be one of the most valuable. Many students noted that by the end of the program, they felt that had developed strong friendships with the other participants, and that this process helped facilitate their social transition into college. This sense of community is notable for two reasons: 1) it seemed to help ease students' anxiety about starting college, as it made them feel like they already had a support system they could rely on, and 2) understanding how to build relationships with peers is incredibly important in engineering, since teamwork is emphasized both inside and outside of the classroom, and, as Vygotsky theorizes, peer support can be a major factor in academic development.
Students' positive feedback regarding the social benefits of the program indicated that the social transition is just as important to students as the academic transition, and is something to be fostered in future summer bridge programs.
Future Improvements
Despite the largely positive feedback from students, there were some constraints that emerged during the 2014 summer bridge program that needed to be addressed. These constraints included: the timing of the math placement test, which left only a small window of time between the placement test deadline and the beginning of the program, challenges with advertising to new students who are not yet finished with their final year of high school, and lack of commitment of Page 26.300.12 new students to the engineering field. After considering these constraints, and revisiting the program's stated goals, we plan to alter the program for future summers, in order to eliminate many of these challenges and to bring the program even more in line with retention objectives.
The new model will be implemented in Summer 2015.
The primary proposed change is that the grant-funded program will no longer be offered to incoming engineering students, but instead to engineering students who have just completed their first year. Rather than take Pre-Calculus II and Intro to Theology, students will take Calculus II and Fundamentals of Interpersonal Communication. The Fundamentals of Interpersonal Communication course satisfies a core curriculum or professional elective requirement. Cocurricular programming will be focused on professional development and career discernment rather than the high school-to-college transition (which, it was discovered, is largely duplicative of the information students receive during fall orientation).
The reasons for altering the program are varied, and include the following:
1. Advertising and garnering interest in the program: Because the new summer bridge will only be open to students who participate in the year-long program, the retention counselor will be able to advertise the program to students directly. In addition to alleviating concerns regarding advertising, the new summer bridge provides incentive for students to participate in the year-long program. So far, our hypothesis seems to be correct -we have 15 applicants for the 2015 summer bridge from the same entering cohort of 240, and students seem to be very excited and motivated to participate in the bridge. 2. Commitment to engineering: Rising sophomores have already completed one year of their engineering coursework, and therefore have more of an understanding of the field and the degree than pre-freshmen. Offering a program for rising sophomores, who by that point are (hopefully) fairly secure in their decision to major in engineering, may ultimately have more of an impact on overall retention than offering a program for students who are still in the degree discernment process. 3. 1 st to 3 rd semester retention: The transition into the sophomore year is a challenging one for students -for most it is the first time they are taking engineering courses (rather than math and physics), and many students in the retention program struggled during their sophomore year. Our data supports the fact that the freshman-to-sophomore year transition is a difficult one: the average 1 st to 3 rd semester retention rate for students that start in pre-calculus (students behind in their degrees) is 53.8%, compared to the 78.5% average retention rate for all engineering students. In addition, students who begin their sophomore year behind in credits have a 17% lower 3 rd -5 th semester retention rate. Hopefully, the new summer bridge can help prepare students for their second year, and make the transition a smoother and more successful one.
The hope is that by taking Calculus II prior to their sophomore year, students who participate in the summer bridge will be more academically prepared for the coursework they will encounter during their second year, and will not suffer the emotional tolls of feeling "behind" their peers in terms of their degree. Ideally, the new bridge will also help create a stronger pipeline between students' first and second years, since last year's data revealed that many students who Page 26.300.13 participated in the retention program during their first year did not continue their participation during their second year.
After a year of working on the retention program, it has become evident to those involved with the program that there are multiple leaks in the retention pipeline. Traditional summer bridge programs target students in between high school and college, which is certainly a critical transition and a time in which students could benefit from extra support. However, it has become clear that the freshman-to-sophomore transition is also a difficult transition, particularly for students who are at-risk. Indeed, Schaller's (2005) research on sophomore students indicates that they face quite a number of challenges, including concerns about their academics and their professional futures. The hope is that the new summer bridge will not only help students in their career discernment, but will also prepare them for the coursework that they will face in their second year, which will in turn contribute to overall persistence in engineering. In addition, by implementing two different versions of the summer bridge program, we will be able to analyze both programs and evaluate which program seems to be more impactful for the students. Ideally, we want to support both pre-freshmen and rising sophomores by offering distinct summer programs to help prevent leaks at both stages in the pipeline.
